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In this editorial, we propose the application of the Six Sigma framework to reduce the problem of medication nonadherence, a global epidemic that creates a large impact on health care systems worldwide, due to increased mortality and the economic burden of hospitalization. Nonadherence may adversely affect the safety and efficacy of the treatment and may also lead to drug resistance. For example, in a recent study from this journal of nonadherence to uric acid--lowering therapy in the treatment of gout, pharmacokinetic‐pharmacodynamic modelling showed that both a single drug holiday of increasing duration and random missed doses resulted in increased concentrations of urinary uric acid, potentially leading to kidney damage. The effects were proportional to the length of the drug holiday and the number of missed doses.[1](#bcp13905-bib-0001){ref-type="ref"} Such studies highlight the importance of precisely defining and monitoring adherence behaviours. Furthermore, in some cases of apparent resistance to therapy, the problem may not lie with the treatments themselves but with undiagnosed suboptimal adherence to medications. As an important public health consideration, interest in the problem of medication nonadherence has grown, with the number of publications increasing exponentially during the 40‐year period since the first studies in the mid‐1970s to more than 1200 articles[2](#bcp13905-bib-0002){ref-type="ref"} in 2015.

With this increase in interest, the terminology surrounding medication adherence and nonadherence has grown and evolved over time; however, as a result, the language has become ambiguous and some of the more commonly used terms have different meanings for different people. In response to this, the European Society for Patient Adherence, Compliance and Persistence (ESPACOMP) has endorsed the ABC taxonomy to define medication adherence and developed the EMERGE reporting guidelines[3](#bcp13905-bib-0003){ref-type="ref"} with the aim of providing a common language for researchers and clinicians, thereby standardizing medical literature and facilitating health policy decisions.[4](#bcp13905-bib-0004){ref-type="ref"} This taxonomy defines medication adherence as the process by which patients take their medication as prescribed. It is divided into three important steps: (a) initiation, (b) implementation, and (c) discontinuation. Initiation of therapy occurs when the patient takes the first dose of a prescribed medication and is a binary event.[4](#bcp13905-bib-0004){ref-type="ref"} Implementation of a dosing regimen is the extent to which the actual dosing regimen follows the prescribed dosing regimen (ie, dosing history).[4](#bcp13905-bib-0004){ref-type="ref"} Discontinuation, or the end of therapy, is related to persistence, which is the time from initiation until the last dose (ie, time to event).[4](#bcp13905-bib-0004){ref-type="ref"} There are over 700 factors associated with medication adherence,[5](#bcp13905-bib-0005){ref-type="ref"} and these may occur at any of the steps; therefore, medication adherence is hardly predictable. Patients with low levels of trust and substantial concerns about prescribed medicines may not initiate medication despite having filled the prescription. Examples of nonadherence during implementation include not taking doses on time, missing doses, and taking extra doses to compensate for missed doses and drug holidays, while nonadherence in persistence occurs when patients discontinue treatment earlier than expected for various reasons.

With the multitude of factors affecting medication adherence, it would not be feasible to solve these with a single "magic solution." Despite this, in recently published research, there appears to be a focus on reminding patients to take medication in real time. These reminders can range from simple pill boxes or slide devices to smart tablets that show whether the tablet has reached the stomach.[6](#bcp13905-bib-0006){ref-type="ref"}, [7](#bcp13905-bib-0007){ref-type="ref"} However, these tend to focus on the single problem of forgetfulness; repeated reminders may also become intrusive and cumbersome for patients who may then disengage from, or worse, discontinue therapy. These also do not consider the problem of intentional nonadherence, which occurs when the patient deliberately does not follow the treatment regimen. In addition, some studies are conceptually confusing because they do not follow the ABC taxonomy. For example, there is often a disconnect between the problem (eg, persistence) and the proposed solution (eg, improving implementation through reminders).[6](#bcp13905-bib-0006){ref-type="ref"} The current state of adherence research is analogous to testing whether a helmet is useful when jumping out of a plane. Just as the best safety device to use depends on the emergency situation, the most appropriate solution to medication adherence depends on the underlying cause of the problem.

To properly address the issue of medication adherence, one should consider its multidimensional aspect and reduce the resulting variability in outcomes by applying the Six Sigma framework in the context of personalized medicine. First developed in the telecommunications industry, the Six Sigma framework applies the scientific method to existing systems and processes with the aim of reducing variability and improving quality. By reducing the factors that contribute to medication nonadherence, the Six Sigma approach may reduce variability in drug exposure, improve health care outcomes, and decrease costs; however, it does require a significant investment of money and time, particularly as those involved in applying the framework (eg, health care practitioners) must be trained in its use. An example of the use of Six Sigma within the health care setting is the improvement of the process relating to the timing of prophylactic antibiotic administration prior to surgery, which resulted in 86% of patients receiving antibiotics within the target of less than or equal to 60 minutes prior to surgery, as opposed to the baseline of 38%.[8](#bcp13905-bib-0008){ref-type="ref"} Some of the tools used in Six Sigma have also been utilized to identify the reasons for failing to adhere to a diabetes programme in Colombia and to develop proposals to reduce these barriers to adherence. However, the efficacy of these proposals has not been reported.[9](#bcp13905-bib-0009){ref-type="ref"} Recent developments in our understanding of the problem of medication nonadherence, including sound taxonomy, reliable and precise measures, and appropriate analysis, together with an increased recognition of the need for a multidisciplinary approach and tailored interventions, mean that for the first time, the necessary requirements for a Six Sigma approach to this problem are now fulfilled.

The DMAIC (Define, Measure, Analyse, Improve and Control) approach, a component of the Six Sigma framework, involves defining the problem (eg, using a robust taxonomy), measuring the performance to define the baseline, using sound analysis to determine the root causes of the problem, improving performance by addressing the root causes, and controlling the improved process: measurement‐guided adherence management (Figure [1](#bcp13905-fig-0001){ref-type="fig"}). To date, the Six Sigma framework has not been formally applied to medication adherence; however, it would be an ideal approach to adopt in addressing the growing need for research in this area, as evidenced by a recent National Institutes of Health call for grant applications relating to patient adherence.[10](#bcp13905-bib-0010){ref-type="ref"} For example, the most effective strategy in managing medication adherence has been found to involve providing feedback of electronic adherence data to patients,[11](#bcp13905-bib-0011){ref-type="ref"} and although not explicitly stated, this approach constitutes the basis of the Six Sigma framework, as patients and physicians can determine the causes of nonadherence and discuss solutions. Recent publications have determined characteristics that are associated with nonadherence[12](#bcp13905-bib-0012){ref-type="ref"}, [13](#bcp13905-bib-0013){ref-type="ref"} and have proposed tools to estimate adherence.[14](#bcp13905-bib-0014){ref-type="ref"} The use of Six Sigma may clarify how to interpret these results and how to apply them in measurement‐guided adherence management. Studies must be performed to determine the impact of applying Six Sigma as a new approach to ultimately determine whether it will be useful in the long term for both individual and groups of patients. If successful, utilizing the Six Sigma framework would lead to an understanding of the barriers to adherence, allow customization of the approaches to address those barriers (involving a collaboration between patients and health care practitioners), and highlight nonadherence as the norm in society, so that health care practitioners can acknowledge and anticipate this as potentially the largest source of variability in drug response within the care of their patients.
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